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oo I IFiRuDUF“IGN

Upnev level vervﬁic,blon szu&les have been made in the. pasb whzch neasure.

\“_ﬁhe valiﬁl ty. of conventional forecast techniques. Forecast errors computed from -
“such stud lles depend to some extent upon the forecastaors' tralrl,g and experience
‘as well as the particular forecast techniques employed. ~In the case of mumarical
forecasts the errors ave related to the type of prediction Lodel used. This type
of wind error might be classad in the category of the forecast technique employed.

Fuv*hmfmore, wind errors very with the seasons and this variation is raelated . to .
the varying behavior of the atmosphere with the seascns.: Superimpossd upon these

‘seasonal twend» there exists dedily fluctuations: Validlty of forecasts over
different geographical wegions probably vary to some extent also. . And, of course;
- - when verilying gcestvopnic forecast winds vs. reported data, the dbse"vatlonal

-o“wovGVQﬂ& ageosty nhic~motious also influence the computed fOT°CaSt errors

All of the above ‘error-influences should be carefklly considered when one

wind verification sﬁvdy is weidaed agaiunst anobher.m

12-hy and 2h-hr forecasts of the 850-xib, - 5oo-mb and 300-wb winds (geostronhlc)

. over a portich of North America were verified in this study for the months of
February, March, and April of 1959. The 500-mb Fforecasts were made by the JNWP

operational eqa1valent barotropic model which has incorporated into it 2 scheme of.
very long atmospheric wave stabllization [1]. The flow was balenced initially,
The. 850a%o Lorecashs. ware obtained by a model which was designed by Thempson [2].

The operational vnr51on has been simplified considerablv. First of all the 500~ﬁb

level is Torecast barotropically and no "feed-back" from the lower level is allowes
to influence tﬂls level. Terrain effects are present empirically in the barctropic
forecast but not in the thickness forecast equation. Stabic stabilit ty is treated’
as a constant in both time and space, end surface vertical velocities are assumed

| to be zero. Thus the: 500-850 mb thickness is forecast keeping the 500-mb. level

fixed barotropically, and an 850éﬂb forecast is obta;ned.

o The ‘300-~nb forecast is one: that is actually a. by-product of the two—level_
"meshed™ model.  The 850-mb and 500-mb Porecast helghts were used to obtain

- ie:x:trapolated 300-xb helghts.~ The deviation of the thickness from the stgndafd at- .
o mosphere was uxlllzed and then a slignt moélxicatlon applied. -

II. PURPOSE

S fhis vepification. study was undertaken to obtaln an obgective estimate of the

- -aceuracy of certain short-range wind forscasts. It is also an attempt to show
. the-smount of error in the numerical prognoses and: compare these errors QLZh thosea

made by'conventlonal methods, No avtempt:has been made he?e to express the errors,,7

-85 anutlons of geographical locatlon or Season..

| 'III. ,PROCEDU?E

The test applied to the fcrecast Wlnﬂs was'a very rlgld one in hhlch the «gso-

.”rjvstfophic forecast winds were verified “against the repowzed winds, All calculaﬁlo*ff;
‘~;kere dcne on the IBA 70+ electronlc computer.lx , : :




v Lnot. =

e

. . : , . L ‘{ :
TABLE h A comparison of the 300-mb extrapolated "analyses" apd
) forecasts and the 300-mb machine analyses.

The unit is

STATISTICS
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' ) It was de sivable Lo nmske this gt Lﬁ.y over a reglozz of dense dats, COVErages .

- The region considered was one enclosed by the JNWP octogonal grid from I=12 to

I=29 and J=6 to J=17. This enccupasses the Unlted States (excluding Alaska and.

: Ha*;ai:.) and the southern portion of Canada. Forecasts were verified at 12002 -
noall aven dﬁys Trom Teb.mzmr 10 through April 10. The reported wind data which
ent into this sbtudy were the same data which are processed by the aubonatie data

pfoceSSLv sys*t Y p?veeenb'i.y.employeo. by the JNWP Unit. All winds are ma c,hime—.g
checked for ve rtical consistency. When & wind did not meet the criterla neces-
sary .LOZ‘ use ‘t TS mme ana. lyels ! At was not cozzgldered in the ver;fication‘

The geo 'trw‘zm ;.orecast winds were comuced at the gﬂd po:.n"bs using cen-
tered finite differences. For each-observabtion the four surrounding geostrophic
foracast winds were linearly extrapolated to obtain a forecast valus at the obser- ’
vation locetion. This wind was then corpared with the reported wind. Based on
findings by Carstensen [3] it .was felt that for a long period of time little would
be gained by using the 500-wb forecast stream function rather ’chan the SOO—mb
heights. Of course it is gquite PODS ivie thau day-—to-day var:s.am ong exi st over

B 't;he regilon considered. : :

In addw‘clon to the s+a‘-;ist:l.cs o‘bLa_n@d fZ'OTl such a commariscn as tne above
it wes. alse -desireble to obtain a measure of the persistence of the ohserved wi
For an esvimate of this the ‘root—maa.n-.;q_ucre (r.m.s.) vector difference of the
e geostrcnaic winds from the initial amalysis and the analysis 12 hours prev:.ous
.  over the region involved was computed using the grid-point valuss. This type

- measurement was also made for a 2L-hr persistence estlmute.

Fi
nd.

The r.m.s. of the gbostrophic wmds o:E' the initial analysis was also” COITDU.uvd.
Wlth the program mentioned sbove. -This gave a measure of the average strength of
18 Zeos ’srophic Wlnd at thn leval involved and over the reglon under verification.

, Cons:.der the 1 and. v comoonm’cs of the wmd pa'f'a.llel to the I and J axis-of
“-the octaoona.l grid, The subscript o shall refer to the _reported vind, and the
.8ubseript £ shall refer to the fov*ecas’c wind. . The nunber of setg of datéa will be

“denoted by N. Due to the orientation of the octdgomal grid the u-~componsnt of the
wind approzina es the zonal flow over the region considered, The following statis-
ti +: tzere oo*camﬂd fronm da.ta at ODS@I’V&.blOn locat.lons-

A.. Average -u-cozrrponent of. ’c}he' wind. -

TN LA

" B Averaga v—,-comonen’c of the wind., o
AT - ~ "",E A
c. Avere magﬁlturle of s,s,e.whole wind :
2\, _ ‘

R bref




D.;’,Avem-ge gine of the ang ‘é between the forecsst and -
v reported wind, The av reregs sine of the cbtuse engle is.
R peuiﬁivea when weasursd co wrmnloﬁmv se from the fore-
cast wind vzcto*w to the = m:afcmi wind vaector.
: i ,\.,Z:uw-mf&
sy & M. - \! \
52 by

fs w

ﬂ E. irlR.maso of the wind. o
e Rms(\v) "[N Z.Q,L-ur]

P Avem% ragaitude of the vector erTore
[\\151 = NZE(L‘.‘, u;) + (J\Y A:c)]
G B;m,s. 1u efrarer

RS(ae) = [NZ@ u_g]

Ho Hq'ﬁ’li’bkﬁm of the remoso vector e**ror (stmc.ard
vector error). _

Rms(»J&) { [(Ma—u,;) +(J 4)]}

 I. Vector erroy expz’egsmd as & dir‘.ctien @XToTr. .
' This qu,.nt.a.ty was cc.muwd using W1 1\y;| o.m\ INE-.

The gbove sta,tistics rﬂpresemt a cc&:&awison of geostro*’;hm winds vse- r@‘gor'i:e:l

winds. The followmg mtitles were cbtained fron &alyz&& g:.as’tronhic wmcls

J. Rem.s. of the eu.&..yze& w::,nd, RMS(
LK. R.m.se vac'bar d_ﬁ‘ev’emea Rms [\! D)
This is the measure of amalvsﬁs p@rgis»&ce.

The results ol this study sre giv*nn in Table 1. Winds are e:r:pzva sed in

i knots. A1 statistlcal qusntities containing reported winds {except voand RMS(W))

were obtained from 2992 sets of data at 850 wbs, 2116 sets at 500 mbs, snd 1206

. sets at 300 mbs., The v quentities contained 768, 546, end 291 sets st 850 mbs, -
500 mbs, and 300 wbs, respsctively, collscted from February 10 through Februsry 26.

The RMSHWN) quantities conmteired 1197, 855, end 519 sets ot 850 mbs, 500 zbs; aad.

. 300 mbs, respectively, collscited during the re“ain&er of -the pericd. RMS(*\L) -and
L ‘RMS(\Jg,Xh were cbtained from 29 days of data.. (Ifiarcn 8 date. Wwas diSQ«.L,»llfl@.ﬁ in
- this re“o"t dae tc an@lysis dif*?lcuutles.) o »



vano R. Furr““’o mnﬂ D, H. John on's wind vezlflcatwon resulns, Sutcllffe,;;

B an& Sgwyer (4] rehow*“ﬁ s.ﬁLWar wind statistics which were obtainsd over the .
 British Isles and the . adjacent Atvlantic Ffor & trisl period in Spring. The xoref"

cast technique employed wes.a conventional one which incorporated & method of
thickness SdVLCGLGQ w1mh tha mean wind, The'c%"h ; - 500-1b and 300-mh e,

Vector errorg are given in row L of Teble 1. The 24—hr Tl se vecuor dlzxerence -

of the dbserved winﬁs;arevgiven'in roW M.
_IV DLSCUSQION OF RFSULTS

It snould be emp1a31zed that he results are only meant to give some indica-
ticn of the valldity of the JNWP Unit forescasts and are not strictly valid foy
all locationg in the grld or at all times. One might suppose that the annual
average errors over the U. S. and Southern Canada would be somewhal less than

‘those found in thils study since this sa&ple was composed of data from late winter
- as well as -early spring. : ,

From row C and D of Laole l, it is p0331ble to say som9uh1n0 gbout the wind

‘errors in terms of speed and directlion. The fact that the algebraic average of
the engles betueen forecast and observed wind vectors was small tells us simply

that the direction of the vector error of the numerical forscasts was vandom - _
i. c., the w;nd forecast vector did not tend to deviate more in one direction tbwn__
the other from the observed wind. It should be menticned here that it was ass sumed

~that: the~angle- computed from each pair of winds was =zn obtuse angle. In most.

cases vhere thils essumption is invalid the winds are likely to be wesk. The
fact that .at each level the average magaitude of the observed and forecast winds

are gbout the same signifies that the wind msgnitude was forecast too strong as ..

often as it was forecast too weak, and the forecast average was approximately
constant with time. Thus the average magnitude of the geostrophic Torecast wind:

~over this two-month period and over the particular regiocn. spproximated the average

observed wind magnitude quite closely. This of course does nobt show us if there

- was a consistant ‘discrepancy between forecast and observed: wind magnitudes locally
- within the: region, For example, it doss not tell us if the forecast wind gradlents,
'f’ln“the vicinity of the jet stream is under-forecast or if. the gradlants are over-.

vforecasc on the pe;iphery of the j°t¢ -

The ‘Times. Cbserved winds at the three pressure sur‘acas (E) aiffer s stmevhat
from the r.m.s. geostrophic analyzed winds (J). These differenceﬂ ‘might possibly
be attributed to the fact that the analyzed values were computed at the grid points

i rather than at the observation points. OFf course another possible vxpl"ﬂ"tion of
“the differences of E and J might be due to the fact that one is from observed. Uiﬂwm_
fwhile the other is from geosbrophwc winds. . Carstensen also found that the geostro-

phic winds were stronger {3%) then the observed winds, and he attributed this to be
due to the. analy51a.nvobedare wh 3ch considers tne obs*rved winds as belng 8% sub-_‘

: geostronhlc.‘

As stated: in th° prpvious sectlon thm auanti ies reno*teﬂ in row I of Tdble X

‘  are anglea wninh are’ comuuted frum the av»rage magni Ldes 01 the vector ¢orecast,




rwmmut the eversge error in direg

Cyactor observed end weauo‘? STT0T wmﬁs, Sirzﬂe "«:’:33 av&rage 1% gnicudes o‘? the
obsefvﬁcl 9”df'fd3:°ezsas% winds cre almnost eau,al “thess sngles reprosent the
vector erebrs expressed as divecticn eryors. - This doss not mesn that these angles
%icn.  This weuld be the cese ‘enly if the. ma
dividual wind a@ ea,.s (at each cbaervabion p_cmi;) ware G-D”"‘Z“(;C’ulv *Fozﬂecamo

§ Aceogfﬁmc' to. 1?&11!"1‘@:)? [5] & gocd es “b.,me of the percentage of ‘t&‘w wind varia-
tion mica is. O*Wsctly forecast is given by the fommias. R

100[ K“#’-H ] ;

vhere I is the r.a.s. f@r"cast error and K is the rem.s. of the wind v&_;;fmtmno
Phte mensure- of skild was spplisd to the vesulis of this study and to tha resu.l*ts,
of Q**tcliffe end Sawyer's report. In eddition; Ellﬁaeﬂ"er [6] cc:m:;lg,d wind
forecast. verification éata (whieh vas obtoined from & lerge sawple axd which dm-
cluded Suteliffe end Sawyer's sasple) which repressnted an anmual a,vew’ﬂ"ﬂ for

the l e itude b@l‘b f:'ccm 2501\3 ‘ho 6 “®§. These results ere presented in Table 20

"elifﬁfe anﬁ. Sa:wer's 'a:aé. E]Asa@sser*s figures are ;_ormﬁntrd only to give
. & gemeral comparison. -A strict ccomparison cannot be made since the data ars
© . @ifferent.  Furthermore, 4heir persistence measuvements were medie fron the cb="
served winds while the persistence measurements of this B%Lj wa2re ovbaingd i‘%m
| ERoehe . epalysls persistence at-ths grid-points. Pers
from obzerved winds would probebly be larger thon persist Le :
analyzed meps smﬂe ohsserved winds contoin randcm cbserve ticnal errors.

The fact th«.:t the Jzahx’ SOme’o fc:::acagt &mwd no sxill wh:s,tq ooVer mEy ba
- attributed 10, among other things, the crude rmethod of measuring persistence end,
rost importent of all; the facit ta@& the 300-ub level is not mathewatically in-
corporated into the foz*eemsting model. - , ‘ : ~ R

The magaitude-of the everage Vector error (Fof "’:able X ) Ry ‘seen quite

- .la..p'e to the forecaster using JHWP forecesis. OF course ong must besr in mind the

feot that this msthod of evalugtion of th@ errors dees not filtex and ssparal be oud

. observeticn errors, enalysls ery oz's, or errors walch %sswlu from comparing Qbﬂervgé.. .
-winds with g@@&fhrophic windse " : - : -

, I to get an estmzate of the mgnituﬂe of 'theae__erfom, the verifica-
ticm prccw;:a w25 applied %o & few cases in whilch the anslyses were vVerifisfl i cslkatan

: . the observed data. The aversge results for the four deys considered (18 Fﬂszﬁmry,
18 March, 22 March &and 2 April ) are preseuted in Teble 3 under the "observed”. .

column. The letters have the same stabtisticsl meanings previcusly defPinsd and
a.ll.valimg are dAn knots, The 12«}3.1' a,zzd 2hanr forscasi valuss are also pmmm‘,@ﬁ
in this table. D:u*ing' these four days and over the sane Teglon of verificai:ion 5
~there were Zro-é- 289, and 168 cbaarved wia =3 at tpe 8,0-.:5 5 SGO-vﬂb, and 300-=n‘9
' levals r@ﬁpchively. : , IEEURTRERTL .

SENEN




. y , Svtcllfxe an& S Ny fepor"'éd r,m,s, vector error in the ha:mi azla:l.y@as
£ the: ﬁrl‘c‘» sh somple of ‘14 ktz and 20 kis. for the 500-mb and 00-mb levels

- respee ively. Theily 2lb-hr persistence values weve 35 kts. ab 500-uib & and 1-8
o k:bs.v em JOOn-*'zb., These figures may be generally compared wi th the ‘values of 1%.0 L‘:,bw

and 29.3 kig. obtained from the present study. The valldis uy of the JHYP 300=mb -
extrapolation will: be dlscu,sea dn more det ail 1atg- . =
hO"G..C"‘ t}:a’c th@ vnc tor e*'rcrs of -t-;\. am&.yses arse 'by no means s*n.z,l_’!. in:

‘ comparison to the forecast errors. If we ay that sn otherwise perfect forscast
cannot, exceed the quality of the analysis, then the magnltude of the vechor :
erv'ors in tha 850-mb, 500-mb, and 300-ub 2hhy Forscasts differ from & perfect
Forecust by 6.3 kbse,; 6.8 kts., end 6.7 kis., respectively. These veluesy of

o omfseg apoly specifically to these four 12003 cases. It is of interest to note.
o here that a wind direction error of 5 degrees in a TO-kt wind produces 8 vector
error of 6.% kts. Wind directions are noreally glven to the nearssttens of

‘degrees,. . This type of reasonmc lmais one ’so Dcl.:.ev thet the forecasts areas

" & wnole q.z.d:e good. L SR

“We n:ay go even fvrth.er in our eval uac“f on of the 300~m33 ‘extrapolated fore-
casts. Two machine analyses (18 February and 2 April) were made at 300-mb and
o0 compared with the extrapolated maps.  The results are given in Table b together .
e oyith the 12-hr and 24-—:3.1' forecast errors. There were T6, 300-mb observetions
o - received during these two days for 1200% withln the verification region. Here
. the average vector error of the true enalysis was 5 kis, less than the extra-
. polated error. It can be seen from Table I that the average 2lb-hr forecast

, vector error is 13.7 kis. greater than the average vector error of the ch_v
'in the true analyses and only 8.7 kits. greater then the average vector error
ST of the winds in the extrapolated analyses. Therefore, based on these two casss
.. it appeers that the 6.7-knot, 300-xb error found foxr the four cases dlscussed’ ,
. above might be an undevestim ate. Thus, it is apparent thet the 300-ub analjses -
show considera'ble mprovement over’ 'E:Jrr= e*ctranola’ced mapSe- ' ‘ - :

e It is nece.;sary ’co point out that forecest wind errors over a route are less '
. -f.thc.n ‘spot wind forecast errors.  Sutcliffe and Sawyer estimated that for a 1200- .
mile route the route wind errors are about two-thirds those of spot wind forecasts.

: 1',1;118 is ,C'b,«}e 'bo the fact that in the case of route winds the errors tend fo caucel.

. As hﬂs beon msntioned prev:.ously, it is difficult to mzke a strong comparisen. .
between the statistical resulits of this.study and those of previocus studies. s_nce ,
the data upon which the studiés are based are different and in some cases the met S
of comparison differs considerably. Thus from the results of this study, it is
. difficult to state conclusively whether these JNWP products are better or vorse
- than the forécasts made by conventiconal means. Nevertheless from the results of
this study, it is evident that considersble skill is expressed by the JUWP shorter
L re.ng- ma‘cor-lsve’l wind forecasts. The 'exception to this statement is the 13-hr.
- 300-=b: fo*ece.,st. The. dif"ioultj here seems to-lie for the most part in the- fact
that- this chart s a by-product. of the oPerational mod.e'! and _.s not mauhem“sically'
: _ncoryoraued .Lm:o ta= forecastlng sys\,em. ‘ S S . v , T




t,a@pears thﬂt th° SOmeb ?0?533 t& from the equxvament baxouromlc modeld
express more of tme Uiﬁd vavldtlu tdan doses +ne 8;qug or BOOamD forcc stse

The vector e““OfS increase :i h he gmc.» Th

. i is due malnly to the xoct. T
~that the wind magn thudes i re e ¢o 3ia aral TJ with helght. '

,fv.ﬁf;_: - The fOchaSb Srrors: do not: 1ncrezse as rapldmy as dcns the Wlnd var iatidn ‘
el _'from 12-hrs to 2h-hrs. This is evident from the Fact .that the forecast skill,
’as mpaqure& in this study, 13 lﬂvger for uhe 2h-hr fore castsa I,

. The forecastﬂ under cons1der tlon dld not shovw & tendency'to deviate sySucm~
atically in direction or magnitude. This of course does not mean that Xocal
‘deviationg do not exit. : S B el
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]   LABtﬁ’

: . WIND STATISTICS. c o
ALl winds are in knots. See "hext for symbol ¢ meanings. ,
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2. Skill estimates using K. Murray's fdrmula;"bf~"

L : 3
PTG, SRt o R

560

MB-

12 He,
¢

JNWP

}_sutcliffé & Sgwyer_‘

Ellseesser

:_:I:,69%§. T
| s
;61#7;

Bt

Ccmparison of analyzed winds V8. reported winds
“and forecast winds V8. reported winds.
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